Objectives-We aimed to study the feasibility and diagnostic performance of bedside ultrasound by examination of the liver, gallbladder, kidneys, and abdominal aorta performed by medical residents with limited experience in ultrasound, on emergency admissions using pocket-sized imaging devices (PSIDs).
P oint-of-care sonography is defined as an ultrasound examination brought to the patient bedside by the provider, and performed in real time. This allows the provider to directly correlate any findings to the patient's symptoms and to take immediate action based on the results. If the patient's clinical condition should change, the examination is easily repeatable. 1 Focused ultrasound examinations are used broadly in different clinical scenarios and have been proven to be accurate even after limited training. [2] [3] [4] [5] The addition of ultrasound to standard clinical examination has been shown to reduce time to diagnosis, to increase the proportion of correctly diagnosed patients, and to reduce time to operation and the length of hospitalization. [6] [7] [8] [9] In recent years, smaller ultrasound devices that fit in the white coat pocket have been developed. 10, 11 The use of these pocket-size imaging devices (PSIDs) by experts to perform echocardiography at the patient's point of care has been validated by several studies. [12] [13] [14] Even in the hands of inexperienced users, the echocardiographic PSID examination has shown to improve diagnostic accuracy when compared with standard clinical examination alone. [15] [16] [17] Previous studies have shown that experienced ultrasonographers are able to use PSID to detect abdominal aortic aneurism (AAA) with decent accuracy, but the use of PSID by inexperienced users to discover the pathology of the abdominal organs is not well described. Thus, we aimed to study the feasibility and reliability of point-of-care pocket-size sonography, performed by medical residents with respect to the anatomy and pathology the abdominal aorta, liver, kidney and gallbladder, after a dedicated but limited training period.
Materials and Methods

Study Population
In this prospective observational study, acute admitted patients to the medical department at the non-university Levanger Hospital, Norway, during the period from April 4 to June 23, 2011, were included. The medical department has 76 beds, serves a population of 90,000 individuals, and is sectioned into wards for cardiology, nephrology, gastroenterology, hematology and infectious diseases, geriatric and cerebrovascular diseases, as well as a cardiac care unit. Twelve medical residents with limited experience in sonography were employed at the department at the time the study was initiated. Six of the residents were selected by draw to participate in the study. During the inclusion period, another two residents joined the department, but they did not attend the study. The six participating residents were on call 42% of the inclusion period. All patients ages 18 years or older, admitted through the medical emergency department (ED) during the study period, were consecutively included in the study after giving their written consent. Patients were excluded if they were discharged from the hospital before necessary diagnostic procedures for the study were conducted.
At admission to the ED, the patients were triaged according to their symptoms and vital parameters, such as blood pressure, pulse, and saturation. Before the PSID examination, the residents performed the usual care diagnostics and a preliminary diagnosis was made based on the medical history, physical examination, and supplemental tests as blood samples, urine tests, electrocardiogram, and chest x ray. Patient follow-up and management was performed according to hospital guidelines based on the symptoms and findings.
The study was approved by the Regional Committee for Medical Research Ethics (2009/1773), and conducted according to the second Helsinki Declaration. The trial was registered in the ClinicalTrial.gov database (NCT01331187).
Education of Residents
Before the study began, the residents underwent a 3-month-long training period. The training took place both in the Department of Radiology, supervised by radiologists and sonographers, and in the Department of Medicine, supervised by experienced clinicians in abdominal and cardiac ultrasound. The residents who were assigned to participate in the study were given a personal supervisor and had access to a virtual in-house ultrasound-imaging library containing real-life images of both anatomy and pathology of the relevant organs. At the beginning of the training period, the residents underwent a 4-hour theoretical training program by a cardiologist and radiologist on how to perform ultrasound examination of the intra-abdominal organs, heart, pleura, and vessels. Pitfalls and limitations regarding bedside ultrasound imaging were highlighted. Both normal and pathological findings, such as malignant lesions in the liver, cholecystitis and cholecystolithiasis, were demonstrated on cine loops and images. The residents were encouraged to perform at least 100 examinations during the training period, and the examinations were to be performed in the everyday clinic on consenting patients with a normal variation regarding pathology.
Examinations With Pocket-Size Imaging Device
After usual care diagnostics, the residents performed the ultrasound examinations using a PSID with a phased-arrayed probe (Vscan version 1.2; GE Vingmed Ultrasound, Horten, Norway). The device offers 2-dimensional gray scale and color Doppler imaging with a movable color Doppler sector. The bandwidth ranges from 1.7 to 3.8 MHz and is automatically adjusted. Voice recording and an automatically assessed identification number ensured patient identification. All images and recordings were saved on the device and later transferred to a computer by commercial software (Gateway; GE Vingmed Ultrasound).
The pocket-size ultrasound examinations were performed with the patient in a supine position. The abdominal aorta was assessed from a subcostal position from the diaphragm to the bifurcation, and measurement of the maximal diameter in the transversal plane was made. Depending on whether the inner diameter exceeded 30 mm, the abdominal aorta was classified as AAA or no AAA. The liver, gallbladder, and kidney were assessed and classified as "normal" or "pathological". The pathological findings, such as tumors, ascites, hydronephrosis and cholelithiasis, were described in a separate field. The different structures were considered feasible if the residents were able to obtain an acceptable image to assess the organ with respect to anatomy and possible pathology. Pocket-size imaging device examinations of the heart and pleural cavity were also performed. 20 There was no time limitation for the PSID examination, as the residents were allowed to continue the examination until they could make the necessary assessments.
Validation of Point-of-Care Pocket-Size Sonography Standard routine radiological procedures of the abdomen, such as ultrasound or computed tomography (CT), examinations were used as reference methods. Patients in whom pathology of the abdominal organs or vessels were suggested either by usual care diagnostics or by PSID examinations were referred for radiologic standard diagnostic follow-up. To improve the sensitivity analyses and to better assess the degree of false negative findings, the study committee selected 1 to 2 patients each day during the study period (approximately 10 patients per participating resident), with no pathological findings by the PSID examination, to undergo reference imaging.
The reference examination was performed and judged at the Department of Radiology. In an attempt to minimize the impact on hospital workflow, the radiologists were not blinded to the results of the PSID examination. Patients who did not receive formal abdominal reference imaging were often referred for formal highend echocardiography as a part of a parallel study arm. 20 The abdominal aorta was assessed in several of these patients as part of the standard echocardiographic examination. A radiologist later interpreted these recordings, and the findings were included in the analysis.
Measurements of the aortic diameter were done at the level of the bifurcation on the radiographic images and at the level of the superior mesenteric artery on the echocardiographic images. For both echocardiographic and abdominal ultrasound, the measurements were done on the inner diameter, whereas for CT they were done on the outer diameter. This is according to standard procedure at the hospital.
Statistical Analysis
Baseline characteristics are presented as mean 6 standard deviation (SD). Data not following normal distribution are presented as the median (interquartile range). Sensitivity, specificity, positive and negative predictive values, and their 95% confidence interval (CI) were calculated based on a binominal distribution and were used to assess the diagnostic performance of the PSID examination. For continuous variables, Pearson's rho (r) and Bland-Altman statistics were used. Statistical analyses were performed using SPSS for Mac (version 20.0, IBM Corp, Armonk, NY).
Results
Study Population
During the study, 1076 acute patients were admitted to the medical department; 84 patients declined consent. A total of 446 patients were admitted during the period when the participating residents were on call and thus eligible to undergo PSID examinations. Due to logistic reasons and because standard diagnostics and procedures had first priority, 199 patients underwent examined with the PSID (Figure 1) .
The basic demographics of the patients are presented in Table 1 . The mean 6 SD age was 65 6 18 years. In total, 47% of the patients were women and the average body mass index (BMI) was 26 6 6 kg/m 2 . Sixteen (8%) patients had known malignant disease, and this was the only parameter that differed significantly between the patients who received and did not receive the PSID examination (Table 1) .
Examinations With Pocket-Size Imaging Devices
The median (interquartile range) time used for the abdominal examination by PSID was 4.7 (3.3-6.6) minutes. The median number (interquartile range) of examinations performed by the residents before the study start was 95 (80-225), and a median of 33 examinations were supervised by a relevant specialist or advanced trainee. During the study period, each resident performed a median (interquartile range) of 28 (24-46) examinations. Table 2 lists the fair to high feasibility of the PSID examinations. The kidneys, liver, and gallbladder were sufficiently visualized in more than or equal to 79% cases, and the abdominal aorta in 50% of the cases, respectively.
Regarding the assessment of the aorta dimension, a total of 47 patients underwent reference imaging. Seventeen (36%) of the cases were validated by abdominal ultrasound, 6 (13%) by abdominal CT examination, and 24 (51%) by echocardiographic images. Table 3 lists the sensitivity, specificity, and positive and negative predictive values for detection of different abdominal pathology. Pocket-size imaging devices showed high specificity (86-94%) for the detection of pathology in the kidneys, gallbladder, and liver. However, the sensitivity was suboptimal, at 67, 54 and 74%, respectively.
The most important specific findings discovered by the residents' use of the PSID are provided in Table 4 . The findings included liver metastasis, hydronephrosis, cholelithiasis, ascites, and abdominal tumors.
Discussion
With a median time consumption of approximately 5 min, medical residents with limited experience in sonography were able to complement standard physical examination with a point-of-care ultrasound examination, revealing several important pathological findings of the abdominal organs. Assessment of the kidneys, gallbladder, and liver was feasible in more than 75% of the cases. However, the overall sensitivity for detection of organ pathology was modest. For assessment of the abdominal aortic diameter, the results showed moderate agreement compared with reference imaging (r 5 0.38).
In our study, the residents were able to detect several important diagnoses by adding a PSID examination to the medical history and physical examination, such as liver metastasis, abdominal tumors, cholelithiasis, and hydronephrosis ( Table 4 ). The findings are examples of pathology that are difficult to discover by initial diagnostics alone. As none of these findings were known in advance, including the PSID examination as an adjunct to the physical examination reduced the time to diagnosis for these patients.
The diagnostic accuracy of the PSID examinations was not as good as what has been reported in previous studies assessing point-of-care sonography using mobile ultrasound machines by experts 2-4,21 as well as nonexperts 22 or for cardiac ultrasound by PSID. 20 As indicated in Table 2 , the sensitivity of the examination of the liver, gallbladder, and kidneys was only modest, ranging Note: The different structures were considered feasible if the residents were able to obtain an acceptable image to assess the organ with respect to anatomy and possible pathology. Note: Data are presented as mean 6 SD unless otherwise specified.
between 54 and 74%. Several factors may have caused these relatively low numbers. The patients who enrolled in this study were emergency admissions in varying levels of distress, and were examined under suboptimal conditions: They were nonfasting at the time of PSID, and this might have reduced the image quality, and there were other known limitations such as obesity, bowel gas, and abdominal tenderness. 23 However, a study by Breyer et al 24 showed identical feasibility in nonfasting versus fasting individuals on the assessment of the gallbladder, which indicates that this factor could be of less importance. Soultati et al 25 found that among emergency admissions, 28% of the patients had incidental findings (IF), and the most common method of detection of IFs was ultrasound examination of the abdomen. However, 21% of the IFs were clinically significant and in need of further management.
Regarding the abdominal aorta, previous studies have shown a high feasibility and accuracy by PSID examination when performed by experts. 12, 18, 19 In our study, the abdominal aorta was only assessed to satisfaction in half of the cases. It might be hypothesized that it is related to patients being in a nonfasting state. 18, 23 In addition, the patients for which the residents were unable to visualize the aorta had an insignificantly higher BMI with a difference of approximately 2 kg/m 2 (P 5 .08), which might have been a contributing factor. In a recent publication by Dalen et al, 16 nurses were able to assess the inferior vena cava with a PSID with a feasibility of 100% in primarily fasting heart-failure patients, indicating that the nonfasting state is more important than the device itself in visualizing the abdominal vessels. Furthermore, the residents did not appear to register the aorta as feasible unless the entire length was satisfactorily assessed. For assessment of the abdominal aortic diameter, the results showed moderate agreement compared with reference imaging (r 5 0.38). As six patients were validated by CT examination with measurements made on the outer aortic walls, compared with inner walls for ultrasound examinations, there is risk of underestimating the resident's assessment of the aortic diameter. However, this is unlikely to have an important effect on the results, as the mean difference between the PSID and CT measurements was 0.7 mm. There was a significant interobserver variability with correlation coefficients ranging from r 5 0.1 to r 5 1.0 among the residents, but the small number of examinations performed per resident makes further interpretation difficult. Similar studies on unselected patient populations have shown a frequency of AAA of 5 to 10%. 12, 22 In our study, AAA was only detected in one patient, and to our knowledge there was only one missed among those deemed infeasible by the PSID. This low prevalence is probably random, but influences the correlation statistics negatively as the population is rather homogenous, making it difficult to conduct a meaningful assessment of the residents' ability to detect AAA.
The theoretical ultrasound training and the number of performed PSID ultrasound examinations by the residents before the study began were more extensive than in similar studies, 9, 17 but less than what is recommended for general emergency ultrasound competency. 26 The bedside ultrasound examination focused on specific findings of the liver, kidneys, gallbladder, and the dimension and morphology of the aorta. Therefore, the training program aimed for focused, and not comprehensive, ultrasound examination, and insufficient training may be a partial explanation for the moderate results of this study. Although the residents were encouraged to perform a minimum of 100 PSID examinations before the patient inclusion, not all reached this amount, as the median performed examinations (interquartile range) was 95 (80-225). This may have caused a distinction among the residents, and may have negatively influenced the results. Furthermore, the residents' confidence regarding the use of diagnostic ultrasound was not assessed.
Based on the results of this study, abdominal ultrasound examinations by PSID in the hands of inexperienced users may provide additional information to the standard initial diagnostics, and the additional time needed for the PSID examination of approximately 5 minutes appears reasonable even in a busy ED setting. However, in this study we found a moderate feasibility of assessing and quantifying the dimension of the abdominal aorta, and the diagnostic performance of discovering the pathology of the abdominal organs was suboptimal. This may suggest that the training of the residents was not comprehensive enough, or that the point-of-care PSID is not optimal for examination of the abdominal organs. However, the detection of important pathology and the variation among residents supports that the user is the most important factor regarding reliability. In this study, the PSID examinations by the residents did not meet the demands and expectations of a new diagnostic test to rule out diseases; therefore, we could not discard the patients from other imaging procedures when indicated.
This study has several limitations. Because this was a single-center study at a non-university hospital, the results might not necessarily be applicable to other kinds of hospitals. Neither the performing residents nor the radiologists were blinded to the medical history or clinical data, and more than one modality was used for reference imaging. Half of the available residents were selected to perform the ultrasound examination, and a limited number of patients actually underwent both PSID and reference imaging. This may have induced a selection bias. However, except for the known malignant diseases, there were no significant differences in baseline characteristics between the groups who did and did not receive the PSID examination. The patients in this study were included only during the time when the participating residents were on call and represent an otherwise unselected population in our department; however, the characteristics of the participants are in line with patient characteristics of similar studies. 9, 12, 17 The calculated positive and negative predictive values of PSID are influenced by the prevalence of disease in the patient population. Because of the regular use of ultrasound diagnostics in the ED in this study, inhospital logistics made it impossible to perform reference imaging of all patients. In addition, the unnecessary use of ionized radiation was considered to be inappropriate; therefore, it was not possible to confirm all negative (and positive) findings. In an attempt to estimate the proportion of false negative PSID examinations, some patients with no pathological findings were randomly assigned to undergo reference imaging. Unfortunately, the data from this process are incomplete, and might have influenced the results.
No adverse events were reported in connection to this study as a consequence of either the PSID examination or the reference tests.
In summary, by adding a PSID examination of the liver, gallbladder, kidneys, and the abdominal aorta to the standard physical examination, medical residents with limited experience with ultrasound were able to detect some important findings, of which standard physical examination alone fall short. However, because of the observation of a modest sensitivity, the PSID examinations by inexperienced residents should not be used to rule out the pathology of the abdominal organs.
